A new approach for the wind directions ambiguity removal is proposed. An ambiguity (180° ambiguity) remains on wind directions extracted from Synthetic Aperture Radar (SAR) images. Algorithms based on the detection of geometrical forms in ocean surface are currently used to extract the wind directions from SAR images. The approach proposed in this study is based on signal phase difference through the sea surface. The results show wind directions located at a distance less than 2km are subjected to the wave breaking effects and do not have the same threshold (reference phase) as those located offshore (>10km). Furthermore, a reference phase based on inter-channel phase combination allows an automatic removal of the ambiguity.
INTRODUCTION
The ocean surface is the most in contact with the atmosphere boundary layer (BL). Physical phenomena in the BL can leave signatures like linear streaks, eddies on the s ea surface. Wind directions are known to be approximately in line with these streaks created by atmospheric roll vortices in the BL [1] . Synthetic Aperture Radar (SAR) installed onboard satellite can be used to image sea surface geometrical features [2] [3] [4] . The Fast Fourier Transform algorithm [5] [6] [7] , wavelet [8, 9] , and the Local Gradient [3] are currently used to extract wind direction from SAR images. They are based on the detection of geometrical structures. However, an ambiguity (180° ambiguity) remains on the extracted wind directions. Ancillary data (meteorological mast; scatterometers; buoys) are used to remove the direction ambiguity [10, 11] . Occasionally, wind wake effect [12, 13] located alongside an island can also be used to find the right orientation of the wind directions. A method using polarimetric parameters was also developed for the ambiguity removal [14] on wind direction extracted from polarimetric SAR images.
Particular interest is accorded to coastal zones for wind park installations. At offshore (~20km)), Satellite images can be used to produce wind field maps covering large areas at spatial resolution down to 400m for the wind speed and 3.2km for the wind direction [4] .
The objective of this study is to develop a new approach to remove the 180° ambiguity in wind direction retrieved from wind streaks in SAR images in coastal areas (down to ~1km from the shore line).
METHODOLOGY
The study area is the North-Cape (Figure 1 ) coastal zone at Prince-Edward-Island, Canada. For the purpose of this study, a total number of eighteen RADARSAT-2 SQ images were acquired in October 2012 and November 2012 via the SOAR-Education program of the Canadian Space Agency (CSA).
All the images were acquired at fall period to avoid ice presence in sea surface near the coast and allow the possibility to analyze the Bragg-scale waves. Wind speeds and directions recorded at the North Cap meteorological mast ( Figure 1 ) are used to validate results. These data record are available at Environment Canada (EC) web site.
The wind directions were extracted by applying the Local Gradient algorithm described in [3] . The spatial resolution of the wind directions produced in this study is 2.4km. The extracted wind directions still have the 180° ambiguity. It will be removed with the approach described in the paragraph below.
The approach proposed in this study is based on the use of the phase images inside Single Look Complex (SLC) data of RADARSAT-2 acquired in Standard Quad-polarization (SQ) configuration. The amplitudes and phases of the backscattered signals are recorded in each polarimetric channel. The recorded phases are the phase differences between incident and backscattered signals. Two other parameters are considered in this approach to remove the 180° ambiguity: reference phase (to determine), the orbital orientation of the satellite during the image acquisition, and the look orientation of the SAR antenna. Equation (1) and (2) show the conditions to be used in the approach.
During the image preprocessing, the phase images are extracted. The spatial resolution was degraded from 25m to 400m. Wind directions were calculated using the Local Gradient Algorithm [3] applied on amplitude image from co-polarized (HH or VV) channel.
Ascending orbit
These equations were built by considering the phase difference that would be caused by the motions of the Bragg-scale waves. These waves are created by the local wind flow at 10m above sea surface level (ASL)
then tested to remove the ambiguity. The number of the corrected directions is used to calculate a score formed by the ratio of the number of the corrected directions and the total number of the calculated wind directions. The second method is finding φ ref by using combination of inter-channel phase. The second method is introduced to allow an automatic processing option for large dataset. The negative of the sum of the absolute value of two phases from different channel were used in φ ref to be used in the ambiguity removal process. These two methods were tested to sense the orientation of wind flow 10m ASL. 
RESULTS AND DISCUSSIONS
Results from the "method 1" are presented in Figure 2 . It represents the score obtained for the phase images in each channel. Based on the graph, a reference phase φ ref = -20° was tested with the phase image in the HH channel from the "scene A". Results show all directions were corrected from the 180° ambiguity. As the value of φ ref decrease in the negative side of the axis, the better is the result (Figure 3 ).
Figure 2: Test results in the channels HH, VV, HV and VH. Wind direction resolution was 2.4Km. The score is the ratio between the number of directions corrected and all in the image.
By using reference phase which is a combination of phase from other channels, the selection of a reference phase value using the graph showed (Figure 2 ) is no longer needed. In contrast to the first method, the value of the reference phase used is not the same for each pixel in the image. This considers the spatial variation of the signal phase difference through the sea surface with respect to the local wind orientation.
The Figure 3 shows the sensibility of the ambiguity removal in the score value transitions near the reference phase φ ref =0°. Through the Figure 3a, 3b, 3c , and 3d, all new corrected directions are indicated with red circles. Wind directions closest to the shore are corrected lately when the reference phase (φ ref ) is changed from 0° to -3°. This could be due to the wave breaking effect on the Bragg-scale wave motion. The orientation of this motion may be changed by the energy propagation from wave breaking at the coast.
The results from the second method are presented in Table I . Most of them give the maximum score (1 or 100%). This could be the effect of taking the minus of an absolute value of the phase combination used in the method. This choice leads to have results comparable to the left region in the graphic shown in Figure 2 . 
CONCLUS ION
A new approach to remove the 180° ambiguity in wind directions extracted from RADARSAT-2 Standard Quadpolarization scenes was presented. It is based on the comparison of a reference phase value to the phase differences recorded inside the polarimetric images. Two approaches were presented, both give satisfactory results.
In the second method, the reference phase values needed for the ambiguity removal varies in space. The wind directions have not the same sensibility to the removal criteria. The use of a combination of phase values from different channels is more suitable for removing the ambiguity.
An inter-channel polarimetric phase difference should give better results and will be tested. The presented approaches could be useful for wind field extraction from the future compact polarization data of RADARSATConstellation.
